the second group, in bilateral cases, leave the jaw so weak as to be practically useless for mastication. In the recent (3rd) edition of Brown's " Surgery of Oral Disease and Malformations" the following statement occurs:
" When the ankylosis is bilateral, and of such a character as to make it impossible to gain relief by operation upon the condyles, resection according to the Esmarch operation upon both sides leaves little or no muscular strength for the use of the jaw in mastication. If such patients are well nourished, and getting on comfortably without operation, it is the author's belief that they should be left undisturbed, for a bilateral Esmarch operation ought not to be performed except in rare cases or urgent necessity."
In each of the five cases now described the fixation was wholly or in part anterior to the condyle, and could not, therefore, be relieved by operation confined to the region of the temporo-mandibular joint. In four of the cases the original cause of the condition was trauma; gunshot wound in two and l kick or blow in the other two, all in the malar region. In the fifth case, which was bilateral, fixation followed acute arthritis of the temporo-mandibular joint, accompanying measles in infancy. In every case, however, there had been sepsis or infection in the zygomatic fossa. And in every case-and this is the important point-the coronoid was tied down to the surrounding structures, and especially to the pterygoid aspect of the maxilla, for an extent which, in the traumatic cases, spread far beyond the actual bony lesion. In two of the traumatic cases, and in the purely infective case, no definite lesion of the coronoid could be found, and in these cases the concentration of the adhesions into the region between the lower and anterior border of the coronoid process, and the lower part of' the pterygoid aspect of the maxilla was very striking. In one of the remaining cases (Case III) in which the condition was of three years' standing, this anteriorly-placed adhesion had been replaced by a bony union of ivory hardness, although no definite fracture of this region of the coronoid process could be demonstrated.
The series strongly suggests that this element in the fixation of the mandible was the result, not of the trauma, but of the accompanying inflammatory processes in the pterygoid fossa. The close relation of the lower border of the coronoid process to the mucous membrane limiting the oral cavity may explain the tendency for adhesions to form in this region.
The condition was, in each case, relieved by the complete resection of the coronoid. In the purely infective case this was removed on both sides, together with the condylar neck region of the ascending ramus on each side. The operation was the same for each, and was devised to allow of the complete resection of the coronoid process down to its base, without unduly interfering with the muscles of mastication, and without risk of injury to the branches of the facial nerve. The operation was found to give an admirable approach to the pterygoid fossa, and to permit of the resection of the condylar region also, where this was necessary. The scar is almost entirely in the hair region, and therefore practically invisible. In none of the cases was there any involvement of the facial nerve. And in every case there was free ( FIG. 1. and painless mlastication of surprising efficiency within a few weeks of the operation. The incision ( fig. 1 ) differs considerably from those hitherto described for operations in this region, and has the three following advantages: It avoids all branches of the facial nerve; it is confined almost entirely to the hair region; and it gives a free and wide approach to the pterygoid fossa. It starts in the pre-auricular fold of the lowest level of the external meatus, and passes vertically upwards to about the level of the top of the pinna, from which point it curves gently forwards a little below the superior temporal crest, terminating well within the hair area of the temporal region. The incision is carried directly down to bone. The skin, temporal fascia, and temporal muscle are separately defined and turned forwards (fig. 2 ). The deeper of the two layers into which the temporal fascia splits as it approaches the zygoma is divided from its deep aspect, and the more superficial layer-still working from its deep surface-is separated from the outer surface of the zygoma with the raspatory. The zygoma is resected piecemeal with the gouge forceps from immediately in front of the eminentia articularis posteriorly to as far forward as to include a portion of the inalar bone anteriorly. For this resection and for the remainder of the operation the surgeon stands at the head of the patient and approaches the zygomatic fossa from above, that is, by way of the temiporal fossa.
The tip of the coronoid can now be readily felt. Its upper and posterior portion is defined by severing the more posterior fibres of the temporal muscle close to the bone, upward traction of the muscle being performed at the same time. The coronoid is now cleared of its muscular attachments with the respiratory and is then resected piecemeal with gouge forceps ( fig. 3 ), guided by the finger, until the anterior border of the ascending ramus passes in a smooth curve down to the commencement of the alveolar border of the horizontal ramus (see also fig. 9 , p. 30).
In this resection the surgeon is working between the deeper fibres of insertion of the temporal muscle and the belly of the external pterygoid on the one hand, and the under surface of the masseter muscle as this passes to its insertion into the outer face of the coronoid and angle on the other. Anteriorly and inferiorly ordinary care is sufficient to avoid injury to the mucous membrane covering the lowest portion of the coronoid, and separating the latter from the oral cavity.
In actual practice, the difficulty experienced in the removal of the coronoid varies enormously according to the nature and extent of the injury, and the degree of ankylosis to the surrounding bones.
In cases in which only the coronoid is to be removed, the operation is completed by stitching back the temporal fascia and muscle into place and closing the skin incision, a small drainage tube being left in the wound for forty-eight hours. In the fifth case it was necessary to resect the neck of the condyle also. This was done, partly through the temporal incision already described, the neck being attacked on its anterior aspect with curved gouge forceps. On account, however, of the large and very hard mass of bone occupying the site of the joint in this case, and in order to minimize the risk of injury to the internal maxillary artery, the resection was completed from behind, the lower border of the angle being defined by means of a horizontal incision fig. 3 ). This second incision was also useful for the " Murphyrization " of the future pseudarthrosis by means of a flap of the posterior portion of the temporal fascia and muscle, which was turned down, brought through the gap made by the resection of the condylar neck and secured in the deeper layers of the lower wound. Case L-Pensioner W. was wounded in May, 1918, and a piece of shell removed from just below the zygoma at a Casualty Clearing Station, in France.
At this time he could open the mouth wide enough to admit "the extreme tip of the little finger." From September to November of the same year, he was using spring splints but with very slight improvement and much paii. Later he used a screw gag daily, and the jaws were on three occasions wrenched open under gas. A note by Mr. Northeroft, of the First London General Hospital, states that in September the patient was only able to open his mouth 2i mm. He was admitted to Queen's Hospital, Sidcup, in April, 1919 , and fitted with a screw gag, but its use was painful, and when Mr. Fry brought him to me in the latter part of June, his gape was 4 in., and he could only open and close his mouth through this interval with difficulty. There was a scar on the right anterior zygomatic region and the X-ray showed a fracture of the upper part of the coronoid (fig. 4) . Operation, June, 1919: The tip of the zygoma was found to be ankylosed to the infratemporal crest and had to be chiselled away. Below this the coronoid expanded into a mass of sclerosed bone and fibrous tissue, quite 2 in. in thickness and extending sufficiently deeply into the pterygoid fossa to make the earlier stages of its removal somewhat difficult. After the complete removal of the coronoid the mouth could be readily gagged open. On the day following the operation the patient had a voluntary gape of 2 cm., and the mouth co~uld be opened and closed through this interval without pain. He was fitted with a spring gag and in the following September had a gape of 2 cm., eats "practically anything," and masticates his food without pain. He was by that time using the spring gag about twice a week ( fig. 5 ).
Case II.-Pensioner G., was wounded in September, 1917, in the right malar region, and a piece of shrapnel was removed from inside the mouth in France. For the first four months after being wounded the patient received massage and gagging, but from then onwards he received no treatment until his admission to Queen's Hospital, in June, 1919. The gape then would with diffioulty admit the tip of the little finger ( fig. 6 ). At the operation, July, 1919, there was found a fracture of the anterior portion of the zygoma and a large boss of sclerosed bone projected from the anterior border of the coronoid and could be distinctly felt with the finger to impinge on the pterygoid aspect of the maxilla on an attempt being made to open the mouth (fig. 7) . After the coronoid (figs. 8 and 9, pp. 29, 30) had been resected the mouth could be readily opened to the full extent of the gag. On the day following the operation the patient had a voluntary gape of 2 cm. In the following September he had a gape of 21 cm. and his mastication was good and painless ( fig. 10 (fig. 11 , p. 31), and although a slight tilting of the left side could be obtained by the employment of considerable force, it was not possible to obtain any separation of the teeth on the right side. There was a scar and depressed area over the right zygomatic region and the X-ray clearly showed ankylosis of the coronoid to the overlying zygoma (figs. 12 and 13, pp. 31, 32) . At the operation, June, 1919, the fractured zygoma was found to be firmly ankylosed to the coronoid, and both to the squamous temporal and sphenoid in the region of the inferior temporal crest, so as to reduce the entrance to the pterygoid fossa from the temporal region to a small rounded aperture. The depressed and ankylosed portions of the arch and malar bone were removed and the coronoid resected. The coronoid was found to be densely sclerosed and firmly ankylosed to the pterygoid surface of the maxilla as far down as the tuberosity, the bone in this region being .of ivory hardness; no movement of the lower jaw could be obtained until this lower limit had been passed with the gouge forceps. The jaws then readily opened to admit a wedge 2k cm. thick between the teeth. On the day following the operation the patient could open his mouth to this extent without assistance and on the second day was masticating soft food without pain. Two months after the operation the gape was 2i cm. (fig. 14) , and the power of mastication was steadily improving.
Case IV.-Lieutehant C., accidentally injured in the right malar region, with fracture of the zygoma, by bolt from bursting rifle. Since then patient had undergone several sequestrotomies, and in June, and again in July, his jaw had been forced open under an anaesthetic; this, according to the patient, failed to effect any improvement, and, indeed, had been followed by a steady reduction in his gape. On admission to Queen's Hospital the gape was 1 cm. There was a depressed scar in the infra-orbital region and marked prominence of the right malar region. On opening his mouth there was some deviation to the side of the injury; wedging merely increased this deviation without -materially increasing his gape. At the operation, August, 1919, the posterior two-thirds of the zygoma was displaced downwards. The anterior part of the arch and malar bone was loose, and save that the zygomatic portion was removed, was left in position. The tip of the coronoid was found to be normal, but the anterior border was attached by a stout fibrous band passing upwards to the pterygoid aspect of the maxilla. As in the previous cases, the coronoid was removed, including the whole of the anterior border. A week after the operation he had a voluntary gape of 2 cm. Case V.-Mr. X., aged 18, with a history of complete closure of the jaws following an attack of measles when aged 4. The right elbow and hip-joint were also affected at the same time, and were opened at the Hospital for Sick Children, Great Ormond Street, where the patient was under the care of Dr.
Colman for some five months. When aged 9 the right condyle was resected through a transverse incision along the upper border of the zygoma, at University College Hospital, but without any marked improvement in the patient's condition being effected. He came to me in June, 1919. The molar teeth were firmly clenched and only partly erupted. Upper and lower incisors both protruded considerably, but the under development of the lower jaw, due to the early involvement of the epiphysis of either side resulted in the lower incisors lying so far behind the upper that a gap existed throiqgh which the patient had managed to feed himself (fig. 15, p. 34) . A slight tilting of the right side of the mandible could be obtained, but none at all of the left. I bperated upon him in September, 1919, and found the left temporo-mandibular joint represented by a mass of bone of ivory hardness entirely obliterating all trace of the joint, and causing the ascending ramus to blend smoothly with the surrounding bone (fig. 16 ). The neck was resected in the manner already described. No attempt was made to remove the mass of bone representing the condyle and glenoid fossa, this being preserved as a support for the future pseudarthrosis. The coronoid was not sclerosed but it was firmly bound by fibrous tissue, and, apparently, in places by soft bone also, to the surrounding structures, and especially to the lower part of the pterygoid aspect of the maxilla. It was not until the complete removal of the coronoid had been accomplished that any considerable degree of mobility of that side of the jaw was obtained. The right side was similarly treated at a second FIG. 17 (Case V) . operation a fortnight later. Here in place of the bony ankylosis found on the left side there was a fairly firm fibrous union of the neck and region of the glenoid fossa. It was from this side that the condyle had been removed ten years previously. The fibrous union was completely resected, but, as on the left side, movement of the jaw was not free until the coronoid had been removed also. On account of the precarious condition of the patient's teeth no attempt was made to gag open the mouth at the time of the operation, but a few days later the patient was moving his jaw voluntarily and without pain through a distance of 1 cm., and could give the finger a very effective bite with the teeth. By means of a wooden wedge, which the patient used himself, a sufficient gape was obtained to allow of the front teeth being capped. The jaw was then wrenched open under gas and fitted with an elastic gag. Two weeks later the patient had a gape of over 2 cm. between the cutting edges of his incisor teeth, was chewing soft food without pain, and had a power of bite that made it very unpleasant to leave the finger between his incisor teeth ( fig. 17, p. 35 ).
SUMMARY.
Five cases of closure of the jaws are described. Four were traumatic in origin, with fracture of the zygoma, with or without direct involvement of the coronoid, but without involvement of the temporo-mandibular joint. The fifth case, which was bilateral, was infective in origin and was due to an acute arthritis of the temporo-mandibular joint in infancy. In each case, however, there had been infection in the zygomatic fossa, and in each case, quite apart from any direct involvement of the coronoid in the injury, there was a definite fixation of this structure, by the development of fibrous or bony adhesions, to the lower part of the pterygoid aspect of the maxilla.
The incision and mode of approach to the pterygoid fossa used in operating upon these cases not only allowed of an easy approach to this region without risk of injury, temporary or permiianent, to the branches of the facial nerve, but allowed also of the complete subperiosteal resection of the coronoid and condylar region of both sides without materially affecting the subsequent power of mastication.
